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Railways are said to have high energy efficiency compared with 
other forms of transport.  Even so, JR East uses a lot of energy 
in running its operations, having used 52.7 billion MJ in fiscal 
2010.  Of that, approx. 70% is used for operating trains, so 
curbing energy consumption and reducing CO2 emissions 
becomes an important issue. 

Energy conservation for rolling stock has mainly been 
conduced by reducing weight, making drive systems more 
efficient, and effectively utilizing regenerative braking.  However, 
regenerative braking systems cannot be used on diesel railcars 
running in non-electrified sections, so those cars are thought to 
be about 30% less energy-efficient than EMUs.  Diesel railcars 
also have disadvantages over EMUs in terms of exhaust gases and 
noise.  We thus developed the NE Train (New Energy Train) 
in an effort to reduce the environmental load of rolling stock 
through innovative drive systems.  

The NE Train gained its name from the desire to apply new 

The Research and Development Center of JR East Group built the NE Train (New Energy Train) test car in fiscal 2003 for 
development of a new drive system to reduce environmental load, using that in development tests for diesel hybrid railcars.  
We then conducted fuel cell hybrid railcar tests, taking on development of the “Smart Denchi Kun” catenary and battery-
powered hybrid railcar system from fiscal 2008 based on the test results.  Various assessment tests were performed, and 
system development was completed upon conducting assessment tests on system applicability in non-electrified sections 
at the end of fiscal 2011.  This article will introduce items such as concepts of hybrid railcars and our catenary and battery-
powered hybrid railcar system.
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Introduction1
energy technologies to railway rolling stock.  Its development 
concepts were “harmony with the environment” (energy 
conservation and reduction of exhaust gases and noise) and 
“a turning point for EMU technology” (low maintenance and 
improved operating performance).

The following is an introduction to the concepts behind 
catenary and battery-powered hybrid railcar systems.  We 
will introduce that system while looking back at the results of 
development for diesel hybrid railcars and fuel cell hybrid railcars 
developed using the NE Train. 

Table 1 shows the flow of development of three types of 
hybrid systems and Table 2 a comparison of the systems.   They 
have common structures in that they all have drive systems 
powered by batteries.  The means of supplying energy to the 
batteries can be considered to have evolved from engines to fuel 
cells to catenaries.  Catenary and battery-powered hybrid railcar 
systems, however, differ from other hybrid systems in that the 
source of energy supplied to the batteries is not on the train.  
For that reason, the system concept in areas such as setting the 
capacity of the onboard batteries has more importance.
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Table 1  Flow of Hybrid System Development
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amount of power generated by the engine is controlled according 
to car speed and battery charge status to keep the sum of motive 
energy held by the car and battery energy constant regardless of 
speed.  Thanks to that control, power needed in powered running 
can be secured and maximum regenerative energy recovered. 

In running tests held from 2003, energy conservation of 
approx. 20% over that of conventional diesel railcars was 
gained.  Taking into account those results, the Kiha E200 Type 
started operation in 2007 on the Koumi Line as the world’s first 
commercially operating diesel hybrid railcar.

2.2 Fuel Cell Hybrid Railcars
After completion of development for diesel hybrid railcars, we 
conducted development for fuel cell hybrid railcars.  With those, 
we aim for further reduction of the environmental load and 
autonomous decentralized energy systems (where each car of a 
train generates power and manages energy).

Fuel cells powered by hydrogen are gaining attention as a 
power source that is friendly to the environment and that can 
also help deal with depletion of fossil fuels.  The objectives of our 
development are to…
1.  Develop a rolling stock system using fuel cells that can handle 

future breakthroughs in fuel cell technology, and 
2. Identify issues in using fuel cell systems with railways. 

With fuel cells, electrons are extracted (electricity generated) 
when hydrogen and oxygen chemically react to generate water.  
Multiple fuel cell types have been put into practical use, differing 
according to the electrolyte used.  We decided to use polymer 
electrolyte fuel cells that have features such as low operating 
temperature, short startup and shutdown time, and ability to be 
compact with high generating efficiency. 

We were able to achieve highly efficient energy management 
by controlling the energy balance of the generation system and 
batteries by which we gain the energy needed for running.  
That was possible by means including combining fuel cells and 
batteries, effectively utilizing regenerative power, and controlling 
fuel cell generation volume and battery charging and discharging.

As safety measures for the high-pressure hydrogen used with 
rolling stock, we took hints from fuel cell automobile safety 
measures to prevent hydrogen from leaking and, in the event that 
it does leak, prevent fire or explosion.  With wayside facilities, 
measures focused mainly on fueling rolling stock with high-

Development of Hybrid Railcars2

2.1 Diesel Hybrid Railcars
Hybrid systems are separated mainly into series hybrid systems 
and parallel hybrid systems.  There are three types of systems 
when including series-parallel hybrid systems that combine 
the two systems.  With series hybrid systems, mechanical 
and electrical drive power sources are set up in series, and all 
mechanical energy is converted to electrical energy with energy 
to be used unified as electrical energy.  Parallel hybrid systems, 
on the other hand, have mechanical and electrical drive power 
sources set up in parallel, and energy to be used is unified by 
mechanical mechanisms such as gearboxes and transmissions.  

A series hybrid system was adopted in NE Train development.  
Reasons for the decision include that EMU technology could be 
effectively utilized, the mechanical mechanism would have been 
complex with a parallel hybrid system (poor maintainability), 
and a fuel cell system could be easily introduced in the future.  

Possible power storage systems include electric double layer 
capacitors, flywheels, and secondary batteries.  Nickel metal 
hydride batteries or lithium-ion batteries are the best choice since 
railway rolling stock demands a high level of energy output, 
capacity, and safety as well as stability.  We decided to adopt 
lithium-ion batteries due to their excellent performance in areas 
such as power density and expectations for their future potential.  

The larger the capacity of a battery is, the more energy 
can be used efficiently, but capacity is kept to the minimum 
necessary when taking into account factors such as cost.  Braking 
energy for an average stop is approx. 1 kWh, and the amount 
of electricity needed for powered running in the average 5 km 
between stations is approx. 3 kWh.  Battery capacity is made to 
be 10 kWh when considering use within a state of charge (SOC) 
range of 20% to 60% set taking into account of life and output 
a lithium-ion battery.

Demands for control, from an energy conservation perspective, 
are effective storage of regenerative energy and running the 
generator engine at top efficiency as much as possible.  From a 
perspective of curbing noise and exhaust gas, the demands are 
that battery output should be mainly used and engine use should 
be avoided when possible when a car is stopped at a station or 
running slowly near a station.  Taking those into account, the 
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pressure hydrogen.
We confirmed that the cars could run at 100 km/h in running 

tests, but issues still remain with reliability of fuel cells and in 
making them more efficient.  Thus we decided to keep an eye on 
trends in increasing performance and reducing cost of fuel cells 
as well as those such as green methods of hydrogen production 
(hydrogen manufacturing that does not generate CO2) and 
infrastructure development for storage/supply of hydrogen.

Development of a Catenary and 
Battery-powered Hybrid Railcar System3

3.1 Background and Objectives
Battery performance had increased tremendously and the market 
for those expanded with the popularization of hybrid and electric 
automobiles.  In light of the knowledge gained in development 
of diesel hybrid and fuel cell hybrid railcars and advancement in 
technologies for batteries, feasibility of rolling stock systems for 
running in non-electrified sections on electrical energy stored in 
batteries alone has come into view at JR East.  We thus decided to 
take on development of a catenary and battery-powered hybrid 
railcar system as a new measure to reduce environmental load in 
non-electrified sections. 

The objectives of this system are to eliminate exhaust gases 
from engines and to reduce CO2 emissions and noise.  Ancillary 
effects that can be expected are ability for cars to run on both 
electrified and non-electrified sections, making rolling stock 
operation more efficient, and reduction in maintenance by 
reducing labor-intensive mechanical parts such as engines and 
transmissions. 

3.2 System Overall Composition (Fig. 1)
In electrified sections, the cars can run just like ordinary EMUs 
by raising their pantographs, and they can charge batteries from 
catenaries when SOC is low.  When voltage from catenaries is too 
low, operation can also be assisted by power from the batteries.

When moving into non-electrified sections, the pantograph 
is lowered and the cars run on power from the batteries alone.  
When braking, regenerative power charges the batteries so as to 
make effective use of electric power. 

Depending on the length of the non-electrified section, 
wayside charging facilities is set up at turn-back stations and 
intermediate stations for quick charging of railcars.  Setting up 
charging facilities only in electrified sections (including charging 
while running in electrified sections) was considered, but having 
wayside charging facilities set up at turn-back stations is thought 
to be more reasonable when taking into account system durability 
and volume/weight of batteries. 

3.3 Selecting Batteries and Setting Voltage 
We conducted basic drive tests for lithium-ion batteries and 
nickel metal hydride batteries using a bogie testing machine at 
the Omiya General Rolling Stock Center (Fig. 2).  We came 
to a conclusion as a result of those tests that equipping with 
lithium-ion batteries would be advantageous as they allow for 
running on batteries alone and when considering weight that is 
set taking into account factors such as charging and discharging 
performance.  Voltage of the batteries was set at 600V DC taking 
into account factors such as use of conventional battery and 
power converter technologies and insulation. 
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3.4 Setting Battery Capacity 
Equipping cars with many batteries would be effective in terms 
of effective use of regenerative energy and increased degree of 
freedom for the system.  However, when considering factors such 
as the cost, weight, and space required for those, it is important 
to find a way to most effectively use a limited amount of batteries 
(battery capacity).

Railways are characterized by having predetermined basic 
operating and running patterns, so basic capacity is set by means 
such as simulations.  In gradient sections and the like, securing 
hill climbing ability when going up and absorbing regenerative 
energy when going down must be considered.

Also, to exhibit battery performance in a stable manner, 
capacity needs to be set according to the concept shown in Fig. 3.  
Rolling stock power consumption is the total of drive load and 
auxiliary power unit load.  Leeway in auxiliary power unit load 
to handle train delays, decrease in capacity due to deterioration 
of batteries over time, and range used of SOC are also taken into 
account.

3.5 Charging Time and Charging System for Onboard Batteries
We studied a system on the assumption of sections where 
trains run about once an hour.  In that, we assigned charging 
time of 10 minutes from wayside charging facility to onboard 
batteries taking into account turnaround time, charging times of  
45 minutes from power line to wayside charging facility (battery), 
and leeway time of 5 minutes for control switching and the like.

We studied wayside charging facility receiving power 
from ordinary power lines from the standpoint of keeping 
infrastructure investment to a minimum.  Furthermore, we 
decided on a system where batteries are set up at the wayside and 
charged when a train is not on the line.  When a train arrives, it 
is quick charged from those, thus reducing power received and 
equipment capacity needed.  With this system having batteries at 
the wayside, natural energy could possibly be effectively used in 
the future by combining with photovoltaics and the like.  

The wayside charging facility and onboard system each 
monitor catenary voltage and current, controlling those according 
to the charge state of batteries.  That way, special means of 
communications do not need to be used, and they can operate 
autonomously.  

We have also confirmed that onboard batteries can be charged 
in the target 10 minutes or less if their capacity (method of use) 
is set properly and heat is managed properly. 

3.6 Rolling Stock System 
(1) Main circuit system composition 
We convert 1500V DC to 600V DC by a DC/DC converter 

to charge batteries.  Also, the VVVF inverter for driving and 
the auxiliary power source input that 600V DC (Fig. 1).  By 
adjusting the converter’s output voltage in relation to battery 
voltage, we make for a highly reliable system without a contactor 
to control the flow direction and the current value of electric 
power and to switch current. 
(2) Method of equipping with batteries
At the beginning of tests, battery units were set up in the passenger 
cabin to allow easy setting of a variety of test conditions.  In 
fiscal 2011, one of the units was moved to under the seats and 
run-in tests performed to assess methods of equipping rolling 
stock in commercial operation with the batteries.  Items were 
verified such as whether ambient temperature would rise during 
charging and discharging and affect battery life, impact on the 
cabin environment for passengers, and affect on charging time 
when stopped in winter.  No problems were found. 

Studies were also added in consideration of maintenance in 
rolling stock equipped with batteries and what to do in case of 
problems. 
(3) Driver’s cabin energy monitor display (Fig. 4)
The driver normally does not have to be aware of charge status  
of batteries.  However, an energy monitor display is installed 
in the driver’s cabin to allow checking of the charge status and 
system operating status in train maintenance and in case of 
abnormalities such as accident or transport disruption.  We also 
studied how to best provide information for this device that 
“visualizes” energy flow.

Conclusion4
Development of the catenary and battery-powered hybrid railcar 
system was completed upon conducting assessment tests on 
system applicability in non-electrified sections at the end of fiscal 
2011.  In electrified sections too when equipping rolling stock 
with batteries, we confirmed the effect on controlling catenary 
voltage fluctuation by assistance of power from the batteries on 
uphill gradients and absorbing regenerative power from braking 
to decelerate on downhill gradients.

We will continue in efforts to make rolling stock systems 
highly efficient, for economical train operation, and in building 
energy systems that link wayside and onboard devices with a goal 
of achieving further energy conserving railway systems.
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